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Introduction 17
In developing countries bananas or plantains serve as a staple food for over 70 millions of people 18 (Jaiswal et al., 2014). Banana crop is harvested as affirm sappy green fruit which during storage also 19 changes color and texture to a yellow soft fruit with high sugar and low acid content. Bio-esters are 20 also generated from amino acid metabolization to produce volatile flavour compound (Salvador et al., 21
2007). Several equipments like GC, GC-MS, HPLC among others have been used to qualify and 22 quantify these flavour compounds but none has the highest sensitivity like the human nose (Marzec et waste critical point (Singh-Ackbarali and Maharaj, 2014). These methods are performed by small 27 numbers of panellists (8 to 12) who provide intensity scaling for a set of selected attributes. This 28 includes three main steps. The first one is acquiring product familiarisation and a comprehensive 29 lexicon that can correctly describe the product space. Panelists are exposed to many variations of the 30 products and asking them to generate sets of terms to discriminate and describe the product. It aims at 31 eliminating hedonic terms and regrouping of synonymous phrases or terms. The second step involves 32 standardisation of the sensory concepts and finally scoring the products on the descriptive and 33 discriminative intensity scale (Marzec et al., 2010 . Other common criteria for fruit ripeness are 34 softness of texture and the development of the peel's yellow coloration (Saltveit, 1999) . Skin colour is 35 used as a predictor of shelf-life for retail distribution and texture is an important part of eating quality 36 hydrolysis and sugar synthesis are normally complete on reaching full ripeness, whereas in other types 42 of Musa, the processes are slower and less complete and continue in very ripe and senescent fruit 43 (Smith and Thompson, 1987) . Loss of firmness or softening during ripening has been linked to two or 44 three processes. The first is the breakdown of the starch into sugars (Wainwright and Hughes, 45 1990).The second is the breakdown of the cell walls or reduction in the cohesion of the middle 46 lamella due to solubilisation of the pectic substances (Palmers, 1971 ). The third is that water migrates 47 M A N U S C R I P T (CP) of a food product as assessed by the consumers. Sensory analysis has been widely employed as 64 as a non-instrumental method. Using bananas, the aim of the study therefore is to model the colour 65 and texture (instrumental) kinetics and also use sensory (non-instrumental) to determine the banana 66 waste critical point. 67
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Materials and Methods 68
Bananas (Musa acuminata 'Grand Nain', AAA Group) were purchased from local supermarkets 69 and were allowed to ripen in incubators set at three different temperatures: answered by the panellists. The first section was for observation and the second for tasting the sample. 86
The questions were answered at every step of the experiment. All sections were to be completed by 87 the panellists. Mineral water was provided to rinse the mouth at each set of experiment after eating to 88 avoid confusing the tastes. Seven banana ripening stages were used (Fig 1) and five attributes were 89 analysed (purchase stage, sweetness, flavour, acceptability and Waste Critical Point of rejection). A 90 scale of 1-10 was used to explain the extremely like and dislikes of the product. Each ripening stage 91
was assessed independently by each panellist on the same scale and awarded a scale value from which 92 mean values and LSD multiple range test were done. 93
Statistical analysis 94
The 
Kinetics considerations 116
Nutrient degradation kinetics of foods generally follows a first order reaction as highlighted by 117 (Labuza, 1979). He showed how the order and reaction rates affect the loss of the quality factor or a 118 hypothetical nutrient (C) under different sequences of temperature. The rate of loss of quantity (C) is 119
represented by: 120
where C is the concentration of a quality factor C at time t, k is the rate constant and n is the order of 122 reaction. Assuming C 0 to be the concentration of substrate at time zero, by integrating equations 1to 4 123 are generated. These correspond to a zero order, first-order and fractional conversion kinetic models 124 respectively: 125
Taking natural logarithm a first order reaction is generated 128
where C f represent the final equilibrium and C 0 the initial values C (quality factor). 134
Using Arrhenius equation, we can explain a temperature dependent reaction: 135
Where R is the universal gas constant (8.314 J/mol/K), k 0 is the frequency factor and T the absolute 137 temperature. Nedler 1962 highlighted a logistic kinetic model, as written below: 138
Eqn 7 139 where U is the constant value related to the C final, U 0 is the constant value related to the C initial and 140 t 0 is the time taken for C value to increase (decrease) to half the U value. 141
Kinetics equations 2-5, can be transformed into linear equations and fitted by linear regression 142 methods. Equation 6; the non-linearity of U, U 0 , t 0 and k parameters dictated use of SPSS software 143
Sigma Plot in order to obtain the regression parameters. 144
Results and Discussion 145
Colour changes during ripening 146
The experimental results of the colour changes on the banana peel (Musa acuminata 'Grand Nain', 147 The results show dependency of color variations at different storage temperature; this means kinetic 155 models can be used to describe these reactions. Since L, a* and b* are sub-sections of ∆E (Mahy et al, 156
1994) so a logistic model only was used to explain ∆E. 
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with high correlation coefficients, which suggests a good correlation between models and 158 experimental results. 159
Texture changes during Ripening 161
Testing of the banana texture was done using as single compression test cycle. And analysis was done 162 using the in-built food texture analysis method with modifications to fit our sample. Different texture 163
properties can be automatically calculated after every compression cycle; these include puncture 164 force, firmness, springiness, elastic modulus among others. However (Ramaswamy and Tung, 1989 ; 165 (Table 2) . 178
Sensory results and Interpretation 179
Mean values for sensory evaluation of banana ripening during storage at a reference temperature of 180 -Instrumental analysis (color and texture) using a Universal Testing Machine (UTM)and Colorimetry and non-instrumental (sensory ) analysis using descriptive, discriminative and ranking tests -Mathematical modelling of the enzymatic chemical kinetics during ripening -Use both instrumental kinetic parameters with sensory attributes to determine the waste critical point of banana during storage
